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(54) Abstract Trtle 

Thickness meter for thin transparent objects 

(57) A thickness meter uses a single fibre confocal 
method for direct measurement of the distance between 
the focal points of the beam on the top and bottom 
surfaces of a lens 30 or object being measured. A light 
source transmits illumination down an optical fibre 14 to a 
movable focussing head 18, which focusses the 
illumination from the end of the fibre onto the object to be 
measured, and focusses illumination reflected from the 
object back to the end of the fibre. The end of the fibre 16 
thus acts as the pinhole aperture for the confocal effect. A 
directional coupler 12 is located in the optical fibre, for 
diverting illumination reflected from the lens or specimen 
to a detector. This detector detects the maxima which 
occur as the focal point passes through the surfaces of the 
object, and the object thickness is calculated therefrom. 
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THICKNESS METER FOR THIN TRANSPARENT OBJECTS 



The present invention relates to the field of instrumentation for making non- 
contact thickness measurements of thin transparent objects, and particularly of contact 
lenses. 



The measurement of the thickness of thin transparent objects in a non-contact 
manner is problematic. The methods generally used for remote length measurements 
are mostly optical measurements, such as interference methods, time of flight methods, 
^angulation methods, conoscopic holographic methods, and dynamic focus methods! 
These methods work well for determining the distance to opaque objects, where the 
surface of the object is easily picked up, but not for thickness measurements of 
transparent objects, because of the difficulty of defining the bottom surface optically. 
Other methods such as ultrasonic, RF or microwave methods are very limited in their 
accuracy for thin objects, because of the comparatively long wavelength of the probe 
energy used. 

Contact lenses are thin transparent objects, whose thickness is measured in a 
variety of situations, ranging from quality control measurements in the lens 
manufacturing plant, to the checking and measuring of the lenses of customers in the 
High Street ophthalmic shop. Because of their small size and delicate construction, the 
measurement of the thickness, profile and sagittal bow of contact lenses is even more 
difficult than for the general thin transparent object as mentioned above. The 
measurement becomes even more difficult with the modern hydrated soft lenses, such 
as those known as hydrogel or soft lenses. Such measurements need to be speedy, 
accurate, of low cost and without danger of damage to the lens under test. 

There are a number of instruments known in the prior art and currently used for 
measuring the thickness of contact lenses. The majority of these instruments require 
mechanical probing of the lens, with its incumbent danger of damage to the lens. 
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co.hmated and focussed on the specimen surface, and then causing the reflected or 



scattered light from the specimen to pass through the same pinhole aperture on its way 
to the detector. Only when the surface of the object is exactly in focus, will a maximal 
part of the light beam reflected or scattered off it be transmitted to the detector. The 
focal plane can be aligned at the surface of the object, or within its volume, thus 
allowing imaging of any part of the object. 

The lateral resolution of a confocal microscope is somewhat better than that of a 
conventional microscope, and the axial resolution considerably better. The image 
definition is sharper, since the depth of field is much reduced, and out-of-focus signals 
and interference are thus much reduced. In order to obtain a full image of the object, the 
object or the microscope objective can be scanned in all three directions, depending on 
the object view required. 

Though the original confocal microscopes used free space propagation of the 
illumination, a number of confocal microscopes have been described recently in the 
prior art, in which an optical fiber is used to convey the incident beam to the objective 
lens, and to return the reflected or scattered light from the objective to the detector. 
When this is done, the end of the fiber acts as the pinhole aperture, both for the incident 
and for the reflected light This arrangement ensures robust construction and good 
mechanical stability. These confocal microscopes have been designed and used with the 
intention of providing high resolution imaging of samples, and are consequently 
complicated in structure and expensive to produce. 

In U.S. Patent No. 5,120,953, to M. R. Harris, is described a scanning confocal 
epi-illumination microscope, using a single fibre for transmitted and returned paths of 
the illumination. The microscope has been designed with particular emphasis on the use 
of the fibre delivery to allow a large spatial separation of the illumination and detection 
systems from the objective head. The inventor uses this aspect of his invention to 
describe a compact objective head for high resolution endoscopic microscopy for 
medical applications. 

In U.S. Patent No. 5,161,053 to T. P. Dabbs, is described a confocal microscope 
for conventional use, of similar structure to that of Harris. This invention is particularly 
concerned with providing the optimum imaging' performance possible from such a 
microscope, and therefore limits itself to the case of diffraction limited illumination and 
imaging optics. The inventor also proposes the use of polarisers to increase the contrast 



and definition, by discriminating against the light scattered from the sample as 
compared with the light reflected therefrom. 

In U.S. Patent No. 5,491,550 also to T. P. Dabbs, the inventor describes a 
confoca, mterference microscope for measuring, inter aha, the path iength between two 
■ocanons m a samp.e. Since i, is an interference microscope, i, necessitates the use of a 
substantia!* coherent and monochromatic source of i, lum ination Furthermore the 
mterference measurement dicutes the use of reference and signa. channel an of which 
mate ti,e tnstrumen. complex, expensive and non-rrivial to use. Emphasis is ,aid on 
proving maximum resolution in the instrument, making it suitab.e for ve„ high 
resoiutton measurement down to sub-micron levels, such as, in the words of Z 

ITT 7^°" ° f m ' CTOChipS - * e — »— «"« uucimess 
sheet of packaging materia.*, bio.ogical ce.lular dimensions, and omers These 
particular features, and omers, make mis instrument over-sophisticated for use in an 
appl,cat,on such as the measurement of the thickness of contact lenses 

The thickness meter according to the present invention uses a single fibre 
confoca. method for direct measurement of the distance between the focal points of the 
beam on the top and bottom surfaces of *e lens or object under tes, or being measured 
Smce no qualitative imaging function* tave t0 te paBmed „ y ^ ^ ^ 
mstrument does no. require me diffraction limited optics needed bv the confoca. 
nucroscopes descrfced in the prior art. The optica, design can thus be 'simp.e and the 
opt.cs mexpensive to produce, commensurate wim i, being of sufficient quality a, me 
workmg distance and depth of focus required Furthermore, since the instrument does 
no. use an mterference method of measurement, me sys.em construction ,s very simp.e 
and on.y a smg,e reading is reqmred to define each measurement position. Sinca me 
~en. uses an optica, method, no mechanical comae, with the sample under test is 
necessa^, Since me lens measurement is made with me ,ens simply sitting on me 
measuremen, tab.e, mere is no need for complicated ,e„s mounting fixtures 
Furthermore, the method can be highly automated such that the measurement can be 
performed easily and quickly. The invention is, in me main, descrfced m terms of the 
contact lens thickness meter, as a specific embodimen, of a thickness meter for thin 
transparent object in general. I, is to be understood tha, the same principles of 
measurement are applicable also for the genera, case, wim me neces*uy changes in 
constructional details for different types of min transparen, object 



Here is thus provided, in accordance with a preferred embodiment of the 
present invention, a light source which transmits illumination down an optical fibre to a 
focussing head. The focussing head is operative to focus the illumination from the end 
of the fibre onto the contact lens to be measured, and to focus illumination reflected 
from the lens back to the end of the fibre. The end of the fibre thus acu as the pinhole 
aperture for the confocal effect. The lens or specimen to be measured is positioned on a 
table or other mounting surface below the focussing head, and means are provided for 
producing relative controlled motion between the focussing head and the lens or 
specmen to be measured A directional coupler is located in the optical fibre for 
dtvertmg illumination reflected from the lens or specimen to a detector. This detector is 
operatrve to detect the maxima which occur as the focal point passes through the 
surfaces of the lens or specimen, causing illumination to be strongly reflected from that 
surface. An electronic unit then calculates and displays the thickness of the lens or 
specimen, taking into account the refractive index of the material. By making a 
measurement when the illumination is focussed on the lens support table, it is possible 
also to measure the saggital bow of a lens. If the support table is provided with means 
of orthogonal motion in the horizontal plane, then a complete surface scan profile of the 
lens can be plotted. 

There is further provided in accordance with another preferred embodiment of 
the present invention a confocal tfockness meter for thin transparent objects, such as 
contact lenses, including a source of illumination, an optical fibre having first and 
second ends, the illumination being coupled into the first end, a focussing head, fixed to 
second end of the fibre, operative to focus the illumination from second end of the fibre 
onto the object whose thickness is to be measured, and to focus illumination reflected 
from the object back to the second end of the fibre, apparatus for providing controlled 
relatrve motion between the object and the focussing head, along an axis in the 
direction of the focussed illumination, a detector to detect maxima in the level of the 
illumination on reflection from a surface of the object, a directional coupler disposed in 
the optical fibre for diverting illumination reflected from the object to the detector, and 
an electronic unit for calculating and displaying the thickness of the object. 

In accordance with yet another preferred embodiment of the present invention, 
there is provided a confocal thickness meter for thin transparent objects, as described 
above, and additionally including mechanisms for providing controlled motion of the 
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object » two orthogonal d,^ in . plane substan(la]Iy ^ 
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surface of the object thereby providmg a plo, of the surface profile of the object 

h " c °^«wim still anofterprefe^^ 
there ,s provided a confoca, thickness meter for thin ^ „ ^ 

above, and wherein the source of illumination is a laser diode 

There ,s further provded in accordance wi«h ye, another preferred embodiment 
of the preset invention, a confocal thickness meter for thin transparent object as 
descfibed above, and wherein the second end of the fibre acfc as a confocal pinhoie 
perture, from which i.lumination diverges into the focussing head, and onto which 
illummauon reflected from the object is focussed. 

Nereis also provided in accordance with further preferred embodiments of the 
Resent mvention, a confocal thickness meter for thin transparent objects as described 
above, and wherein the focussing head contains either one convex ,ens for collating 
..-—on diverging from me end of the fibre and one convex lens for focussing the 
command illumination onto the object to be measured, or one aspheric convex lens for 
performing both of these functions. 

There is even funhcr provided in accordance with a preferred embodiment of 
*e present invention, a confoca! thrckness meter for thin transparent objects as 
desenbed above, and wherein the focussing head ,enses are of cast or mou.ded 
manufacture. 

In accordance with ye, other preferred embodiments of the present invention, 
there ,s provided a confoca. thickness meter for thin transparent objects as described 
above, and wherein the controlled relative motion between the object and the focussing 
head is provided either by movement of the focussing head, or by movement of the 
object, or by movement of both the object and the focussing head 

In accordance wi,h a further preferred embodiment of flte presen, invention 
there ,s a.so provrded a confocal thickness meter for thin transparent objects as' 
desenbed above, and wherein the conn-oiled relative motion is executed by means of an 
electric motor. 

In accordance with still more preferred embodiments of the present invention, 
there ,s provided a confocal thickness meter for dun transparent objects as described 
above, and wherein either the illumination is mainlined a, a substantially constant DC 



level, and detection is performed by DC methods, or wherein the illumination is 
modulated, in which case detection of the signal is performed by means of synchronous 
or phase sensitive detection. 

There is further provided in accordance with yet another preferred embodiment 
of the present invention, a confocal thickness meter for thin transparent objects as 
described above, operative to measure the thickness of contact lenses. 

There is even further provided in accordance with a preferred embodiment of 
the present invention, a confocal contact lens meter, including a source of illumination, 
an optical fibre having first and second ends, the illumination being coupled into the 
first end, a focussing head fixed to the second end of the fibre, operative to focus the 
illumination from second end of the fibre onto the lens to be measured and to focus 
illumination reflected from the lens back to the second end of the fibre, apparatus for 
providing controlled relative motion between the lens and the focussing head along an 
axis in the direction of the focussed illumination, a detector to detect maxima in the 
level of the illumination on reflection from a surface of the lens, a directional coupler 
disposed in the optical fibre for diverting illumination reflected from the lens to the 
detector, and an electronic unit for calculating and displaying the thickness of the lens. 

There is provided in accordance with still a further preferred embodiment of the 
present invention, a confocal contact lens meter, as described above and including a 
mounting surface on which is disposed the contact lens with its concave side facing the 
surface, and wherein the detector is used for detecting maxima in the level of the 
illumination on reflection from the concave surface of the lens and from the surface on 
which the contact lens to be measured is disposed, as the focussing head and surface are 
moved relatively, thereby enabling the electronic unit to calculate and display the 
sagitta of the lens 

Furthermore, in accordance with yet another preferred embodiment of the 
present invention, there is provided a confocal contact lens meter, as described above 
and operative to measure a contact lens while immersed in a solution. 

There is even further provided in accordance with a preferred embodiment of 
the present invention, a non-contact method for measuring the thickness of thin 
transparent objects, including the steps of transmitting illumination from a source by 
means of an optical fibre to a focussing head disposed so as to focus illumination from 
the end of the fibre onto the object, refocussing illumination reflected from a surface of 



the object by means of the focussing head onto the end of the fibre which transmits the 
reflected illumination back up the fibre, diverting the reflected illumination by means of 
a directional coupler disposed in the fibre, onto a photo-detector for conversion into an 
elecmcal stgnal, „„vm g the focussing head and the object relative to each other along 
an axts ,n the direction of the focussed illumination, and observing the relative positions 
of the focussing head and object when the detected signal shows the two maxima which 
occur as the focussed .Ilumination moves through the top and the bottom surfaces of 
•he obje«, and multiplying the difference between the relative positions by the 
refractive index of the object, to give the object thickness. 

In accordance with yet another preferred embodiment of the present invention, 
there ,s provrded a non-contact method for measuring the thickness of contact lenses 
mcluding the steps of transmitting illumination from a source by means of an optica, 
fibre to a focussing head disposed so as to focus illumination from the end of the fibre 
onto the contact lens, refocussing illumination reflected from a surface of the contact 
lens by means of the focussing head onto the end of the fibre which transmits the 
reflected illumination back up the fibre, diverting the reflected illumination by means of 
a d,rectional coupler disposed in the fibre onto a photo-detector for conversion into an 
elecmcal signal, moving the focussing head and the contact lens relative to each other 
along an axis in the direction of the focussed illumination, observing the relative 
positions of the focussing head and contact lens when the detected signal shows the two 
maxrma which occur as the focussed illumination moves through the top and the bottom 
surfaces of the contact lens, and multiplying the difference between die relative 
positions by the refractive index of the contact lens, to give the contact lens thickness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from the 
following detailed description, taken in conjunction with the drawings, in which: 

Fig I A is a schematic view of a contact lens thickness meter, constructed and 
operative according to a preferred embodiment of the current invention Fig IB show 
an alternative method of providing the relative motion between the focussing head of 
the present invention, and the lens under test. 
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Fig. 2 shows the structure of an alternative collimating and objective head for 
the contact lens thickness meter, in which the functions of the two individual lenses 
have been replaced by one aspheric lens. 

Fig. 3 shows a typical contact lens on the measurement table, with the 
dimensions to be measured by the meter marked on the drawing. 

Figs. 4A and 4B show different forms of output signals obtained from the 
detector, depending on the thickness of the lens being measured. 

Fig. 5 is a view of the mechanical parts of the measuring table area of a contact 
lens thickness meter according to the present invention. 

DETAILED DESCRIPTIONS OF PREFERRED EMBODIMENTS 

Reference is now made to Fig. 1A which is a schematic view of a contact lens 
thickness meter, constructed and operative according to a preferred embodiment of the 
current invention. It is to be understood that the contact lens shown in this specific 
embodiment is typical of any thin optically transparent object or specimen. Though, for 
clarity in explaining the invention, the component parts are shown spread out and 
separate from the electronic unit, it should be understood that in a commercial 
implementation of the present invention, all of the parts would normally be built into 
one convenient enclosure. 

The illumination source for the measurement is a laser diode 10, operating at 
670nm. wavelength. The diode is coupled into a 9u core fibre optical transmission line 
14 for transmission to the focussing head 18, which can be remotely located from the 
source. The use of a fibre for light transmission also makes the connection flexible 
mechanically. The light for the measurement can be from any source, whether coherent 
or not. whether monochromatic or not, whether from an incandescent lamp, a vapour 
lamp, a discharge lamp, a solid state source such as a LED or a diode laser, or any other 
source. The only requirement is that the source have a wavelength output to which the 
system detector is sensitive, and a high enough luminous output to maintain a sufficient 
signal-to-noise ratio in the detected output signal. In the preferred embodiment 
described herein, a laser diode is used, largely for reasons of convenience, since laser 
d.odes have a high output and are available with connections for easy coupling to the 
fibre optic line. 
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TTte focussing head » is ,oca,cd a, tite remote end ,6 of the fib re optic 
~ss,o n .ine ,4. This head acts as the objective ,e„s assemb.y for ^e opL 
.magmg system, and comains a coUimafng .ens 20 for Electing me Ugh, emitted from 
*e end of the fibre ,6. The co„ima,ed Ugh, is focussed by meaBS rf „ 
22 onto me surface 3. of the contact .ens 30 to be measured, whtch is p,aced on the 
measuring table 32. The focussing head ,8 can be moved up and down by means of an 

^cmoto r2 4, w h,ch ro m t esa,ead screw 26 wmchdnvesasuppon rod 28 arched 
to the focusstng head. The motor drives the focussing head into the correct position 
when fte mciden, hgh, beam is focussed on the surface of the ,ens under test If the 
motor 24 used is a stepping motor, then infonuation about its position can be obtained 
enher from the stepping pulse control, or from a step encoder which may be an 
mtegm, par, of the motor. If the present invention is to be used for a geneml thickness 
measurement instrument, the mechanical clamping arrangements for the sample must 
be redefined accordingly. 

^ The Hgh, reflected from the surface of the lens under test is mfocussed by lenses 
22 and 20 on,o me fibre end ,6, and is ttansmitted back up the fibre 14. A direction. 
coup!er 12 situated in the transmission line, diverts the re flected signal to a photo- 
detector 34, which converts the hgh, signal in,o an electtom'c signal. The signa. 
detection can be by a DC method, or if more sensitivity is quired, by the use of an AC 
modmated hgh, source, and phase sensitive detection technics. Outer modulation and 
detection coding may a.so be used. This e.ectronic signal is inputted to the electronic 
contro. and display unit 36, together with a signal from tire motor encoder which 
provdes information about the position of the .ead screw 26, and hence the position of 
the focussing head ,8. The e.ectronic unit 36 controU the motions, and, using the 
known refractive index of the ,ens materia., ca.cu.a.es and dispfcys the results of the 
measurement. The electronic unit also contains power supp.ies for the light source 10 
and for the motor 24. 

As an alternative to moving the focussing head, in a further embodiment of the 
present invention, the relevant parts of which are shown schematicahy in Fig IB the 
focussmg head 18 is fixed in position, and the measuring able 32 is moved vertically by 
means of a precision controlled motion mechanism, such as an electric motor 24 which 
rotates a .ead screw 26 which drives a support rod 28 attached to the measuring table 
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The lenses 20, 22 in the focussing head shown in Figs. 1 A and IB are 
conventional convex lenses. If the light source used is not monochromatic, they should 
preferably be achromatic in order to improve resolution and hence measurement 
accuracy. An alternative optical design for the focussing head, according to another 
preferred embodiment of the present invention, is shown schematically in Fig 2 
Instead of the double lens design, a single aspheric lens 38 is used as a transfer lens for 
projecting an image of the end of the optical fibre 16 onto the surface 44 of the contact 
lens being measured. The same lens also acts as the imaging lens for imaging the 
reflected light from the lens surface back onto the fibre end. The use of a single cast 
aspheric lens can reduce system cost and head size without affecting performance. 

The meter uses the confocal principle for making an accurate measurement of 
the focal position of the illuminating spot on the lens surface. The "pinhole" for the 
confocal aperture is the end 16 of the transmission fibre. When the lens surface is in the 
confocal position, the reflected light beam focussed from the lens surface exactly falls 
on the fibre end 16, and the signal obtained is maximal. Very small movements away 
from the confocal position cause the signal to fall off very rapidly. 

The measurement method is understood with the aid of Fig. 3 and Figs. 4A and 
4B. Fig. 3 shows a contact lens 40 sitting on the measurement table. As the focussing 
head is moved vertically, from a position with the focal point of the system located 
above the top surface of the lens 44, to a position with the focal point of the svstem 
located below the bottom surface of the lens 46, a signal such as that shown in Fig. 4A 
is obtained. The first peak is obtained as the focal point passes through the top surface 
44 of the lens, and hence provides a strong reflected signal to the detector, and the 
second peak is obtained as the focal point passes through the bottom surface 46 of the 
lens, and similarly provides a strong reflected signal. Measurement of the distance 
between the two peaks provides a measure of the optical thickness of the lens under 
test, and multiplication of this result by the known refractive index of the lens material 
yields t, the physical thickness 43 of the lens. If the lens is sufficiently thick, an output 
such as is shown in Fig. 4B is obtained, where the signal falls completely to zero 
between the peaks. This region is representative of the internal volume of the lens, from 
which virtually no signal is reflected or scattered back into the detector. If the lens is 
placed with its concave surface on the measuring surface, and a measurement is also 
made with the focal position of the illumination exactly on the surface of the 
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*e .ens. ta m ^ ^ power and shape of the comae, .ens can be fully characterised 
speedily and with great accuracy. 

Fig. 5 shows some mechanical details of the focussing head motion system of a 
contact lens thickness meter, constructed and operative according to another preferred 
embodiment of the present invention. In tins embodiment, the support rod 28 of the 
focussing head ,8 is attached to a saddle 52, which can move with great stebility and 
accuracy a.ongaground finished V-groove slide 50. The motion itself is imparted, as in 
the previous embodiment shown i„ Fig ,A, by an e.ectric motor 24, powered and 
controlled from the eleotrouic control unit by means of cord 60. In this embodiment 
however, the motor can be a conventional AC or DC servo controUed motor and the 
posmon of the focussing head is determined by means of a position transducer 56 
whtch tracks the motion of the saddle 52 by means of a re!ay rod 54. The position signal' 
.3 sen, to the electronic contro. unit by means of signal cord 58. The position transducer 
can be any convenien, type, such as an LVDT transducer, a magnetic linear 
transducer, an optica, ruled scate tiansducer, or any other suitab.e device for converting 
the mechamcal position into an equivalent electronic signal. 

The ease of mounting the lens is apparent from this drawing. Since the method 
is a , non-contac, method, there is no need for any mechamcal damping mechanisms to 
hold the lens, and i, is generally sufficient to simply place the lens down flat in the 
correct position on the measuring table. Since the lens is sitting on a flat surface a se, 
of cross lines scribed on the table generally provides sufficient positional accuracy to 
ensure measurement near the centre of the .ens, and mere is thus generally no need for 
an accurate centring mechanism Small deviations from the true centre of the lens will 
result in only small errors in the thickness measurement. 

In a further embodiment of the present invention, controlled horizontal motion 
can be provided to the two orthogonal axes 60 of the measurement table, by means of 
standard motion slides attached to the two axes. By providing controlled horizontal 
scanning over the entire surface of the lens, it is possible to make a plot of the profile of 
me enttre surface of the lens. In mis way, lenses ^ ,« checked for impeifections 
which affect their power, and for variations in me designed thickness profile. 

This contact lens thickness meter according to the present invention provides a 
solutton to the problem of the measurement of solution-immersed contact lenses Since 
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the refractive index of the solution is so close to the refractive index of the lens 
material, it is difficult for other optical methods to pick up the interface between lens 
and solution. Because of the high axial sensitivity of the confocal measurement method 
used in the instrument of this invention, there is generally no problem in making such 
wet thickness measurements. 

The simplicity and sensitivity of the confocal technique, when used to make a 
differential thickness measurement, is such that the performance requirements of the 
optical system of the present invention are much simpler than those of a confocal 
microscope. Therefore, it becomes possible to construct the contact lens thickness 
meter without the need for a diffraction limited optical system. Unlike the confocal 
microscope, where image resolution is the ultimate aim, the use of diffraction limited 
optics may well present design problems in the present invention, as it limits the depth 
of focus to very small values, and also restricts the working distance. Both of these 
factors may make it more costly to provide control for the thickness meter, or make the 
instrument less convenient to use, both of which are advantages of this instrument over 
the prior art instruments. Therefore, within the limits of maintaining sufficient 
measurement accuracy, for the working distance and depth of focus required, in a 
further embodiment of the present invention, the focussing head is constructed 
specifically without approaching the diffraction limit of the optical system used. 

Although the embodiments of the instrument of the present invention have been 
described above for the purpose of measuring the thickness of contact lenses, the 
method is universally applicable to the measurement of the thickness of thin optically 
transparent objects in general. In specific embodiments employing this method, the 
mechanical fixturing may need to be amended to suit the object whose thickness is to be 
measured, but the method remains basically unchanged Depending on the accuracy and 
resolution required, the performance of the optical focussing system may also need to 
be improved to the optimum available. 

There is therefore further provided, in accordance with another preferred 
embodiment of the present invention, a non-contact confocal method of measuring the 
thickness of thin optically transparent objects, comprising the steps of transmitting the 
illumination from a light source by means of an optical fibre to a focussing head, 
disposed so as to focus the end of the fibre onto the surface of the object whose 
thickness is to be measured. The light reflected from the surface of the object is 
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" 8 ^ "* 11,6 ° f - "*« - — -Mr - each ei 2 

and the object, when the detected reflected Iight signaJ shows ^ ^ ^JJ^ 
occur as the focus raoves ^ ^ ^ ^ ^ ^ « 

-pe o the present invention inCudes both combinations and subcombination^ 
-ons fences described hereinabove . weII „ ^ ^ ^ 
^hw„ uIdoc ^^^^^^^^^^ 

which are not in the prior art 



CLAIMS 



1. A confocal thickness meter for thin transparent objects, comprising; 
a source of illumination; 

an optical fibre having first and second ends, said illumination being 
coupled into said first end ; 

a focussing head, fixed to second end of said fibre, operative to focus 
said illumination from second end of said fibre, onto object whose thickness is to be 
measured, and to focus illumination reflected from said object back to said second end 
of said fibre; 

apparatus for providing controlled relative motion between said object 
and said focussing head, along an axis in the direction of said focussed illumination; 

a detector to detect maxima in the level of said illumination on reflection 
from a surface of said object; 

a directional coupler disposed in said optical fibre for diverting 
illumination reflected from said object to said detector; and 

an electronic unit for calculating and displaying the thickness of said 

object. 



2. A confocal thickness meter for thin transparent objects according to claim 1 and 
additionally comprising mechanisms for providing controlled motion of said object in 
two orthogonal directions in a plane substantially perpendicular to the direction of the 
illumination, such that said illumination beam is scanned over the surface of said 
object, thereby providing a plot of the surface profile of said object. 

3. A confocal thickness meter for thin transparent objects according to either of 
the above claims, and wherein said source of illumination is a laser diode. 

4. A confocal thickness meter for thin transparent objects according to any of the 
above claims, and wherein said second end of said fibre acts as a confocal pinhole 
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aperture, from which ifluntination diverges ^ ^ focussjng 
■»™naoon reflected from said object is focussed 

5^ A confocal thickness meter for thin transparent objects according ,„ ^ ofthe 

■^.nation diverging fr„ m Ae end of ^ ^ ^ ^ 8 
sa.dco llt ma,e dilluminati o„ omosaidobjeettobelneasure4 

6. A confocal thickness meter for thin transparent objec* according to any of the 

ctZaH; md wherein " d focussins head — ° ne — ~ *» £ 

colhmated illumination onto said lens to be measured. 

cLs ,^rr~ meter for flun ,ransparem ° bjects ~* <° — * 

mlritTe " '~ " — ' ~ « * - « 

* A confocal thickness meter for thin transparent objects according to any of the 
focussing head is provided by movement of said focussing head. 



9. 



A confocal thickness meter for min transparent objects according to any ofthe 
above claims, and wherein said controlled reUtive motion between said object and said 
focussing head is provided by movement of said object. 

10. A confocal thickness meter for min transparent „ bjects ^ „ 

above Cairns, and wherein said controlled relative motion between said object and said 

focussing head is provided by movement of both said object and said focussing head. 

H. A confocal thickness meter for thin tianspWen. objects according to any of the 
above claims, and wherein said coturofled re.ative motion is executed by means of an 
eiectnc motor. 



12. A confocal thickness meter for thin transparent objects according to any of the 
above claims, and wherein said illumination is maintained at a substantially constant 
DC level. 



13. A confocal thickness meter for thin transparent objects according to any of the 
above claims, and wherein said illumination is modulated, and detection of said signal 



is performed by means of synchronous detection. 

14. A confocal thickness meter for thin transparent objects according to any of the 
above claims, operative to measure the thickness of contact lenses, wherein said object 
is the contact lens whose thickness is to be measured. 

15. A confocal contact lens meter, comprising; 

a source of illumination; 

an optical fibre having first and second ends, said illumination being 
coupled into said first end ; 

a focussing head, fixed to second end of said fibre, operative to focus 
sa,d illumination from second end of said fibre, onto said lens to be measured, and to 
focus illumination reflected from said lens back to said second end of said fibre; 

apparatus for providing controlled relative motion between said lens and 
said focussing head, along an axis in the direction of said focussed illumination; 

a detector to detect maxima in the level of said illumination on reflection 
from a surface of said lens; 

a directional coupler disposed in said optical fibre for diverting 
illumination reflected from said lens to said detector, and 

an electronic unit for calculating and displaying the thickness of said 

lens. 



1 6. A confocal contact lens meter, comprising; ' 
a source of illumination; 

an optical fibre having first and second ends, said illumination being 
coupled into said first end; 
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a surface on which is disposed said contact lens; 
a focussing head, fixed to second end of said 'fih^ 

apparatus for providing controlled relative motion between said w 

from rf etMt0r,0detM ' , ^ n,ain,helevelof - id i^ t ionon refl ec t ion 

a directional coupler disposed in said optical fibre fn- a- ' 
— "-^^directiono^-,^^,^'^ 

an electronic unit for calculating and displaying the sagina of said lens. 

17- A confoca. contact lens meter, accordiog to either of Cairns 16 or ,7 operative 
to measure a contact lens while immersed in a solution. 

f^ng head, disposed so as ,o focus illumination fiom the end of said fibre onto 1 

of said r ref<>CUSSinS mUminati ° n refleCtCd ^ 1 "** ° f -« •» —» 
-d focussmg head onto the end of said fibre, which transmits Id refleT 
illumination back up said fibre; renected 
diverting said reflected illumination by means of a directional coupler 

axis in the di mOVinS , ^ ^ "* ""^ ^ «° «* «*«. *ong an 

axis m the direction of said focussed illumination; 

0bsen " n S «^ve position of said focussing head and object when 

217 VT shows * ** maxima which ~ - - — — 

moves through the top and die bottom surfaces of said object- ami 

reftacti • A "T^* * ^ "* ^ * the 

refractive mdexofsatd object, to give the object thickness. 
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19. A non-contact method for measuring the thickness of contact lenses, comprising 
the steps of: 

transmitting illumination from a source by means of an optical fibre to a 
focussing head, disposed so as to focus illumination from the end of said fibre onto the 
contact lens; 

refocussing illumination reflected from a surface of said contact lens by 
means of said focussing head onto the end of said fibre, which transmits said reflected 
illumination back up said fibre; 

diverting said reflected illumination by means of a directional coupler 
disposed in the fibre, onto a photo-detector, for conversion into an electrical signal; 

moving the focussing head and the contact lens relative to each other, 
along an axis in the direction of said focussed illumination; 

observing the relative positions of said focussing head and contact lens 
when said detected signal shows the two maxima which occur as the focussed 
illumination moves through the top and the bottom surfaces of said contact lens; and 

multiplying the difference between said relative positions by the 
refractive index of said contact lens, to give the contact lens thickness. 



20. Apparatus according to any of the preceding claims and substantially as shown 
and described in any of the drawings. 
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